nals, has not been found.
Tim11 is the subunit e of the dimeric F o F 1 -ATPase). A The deduced primary structure of Tim50 predicts a small amount of Tim50 migrated at ‫001ف‬ kDa. As shown protein of 476 amino acid residues (55.1 kDa) with a in Figure 4C , Tim50 may have the potential to form a hydrophobic segment (residues 112-132) that is of suffihomodimer, suggesting that the 100 kDa form may repcient length to function as a membrane anchor (Figure resent a Tim50 dimer that was released from the prese-1C, box). The N-terminal segment of Tim50 exhibits the quence translocase by the detergent treatment. On blue characteristics of a mitochondrial targeting signal with native gels, the TIM23 complex dissociated and Tim50 an abundance of positively charged and hydroxylated as well as Tim44-mtHsp70 were released from Tim23-residues as well as the potential to form an amphipathic To obtain independent evidence for the presence of 35 S-labeled Su9-DHFR was imported into wild-type mitochondria in the presence of a membrane potential and at a low level of ATP. The mitochondria were subjected to crosslinking with DSS followed by immunoprecipitation under stringent conditions. Total represents 2.5% of the material used for an immunoprecipitation with anti-Tim22 or antiTim50 and 10% of that used for anti-Tim44, respectively. Crosslinked products are indicated by asterisks.
We tested for possible partner proteins of Tim50 IMS in of Tim50 IMS , we bound the purified domain to Ni-NTA Agarose and incubated it with lysed mitochondria. The a two-hybrid analysis. When Tim50 IMS was fused to either the Gal4-activation domain or the Gal4-DNA binding domitochondria were solubilized with Triton X-100 that, in contrast to digitonin, leads to the dissociation of the main, no ␤-galactosidase activity was observed as long as the other Gal4-domain did not receive a fusion partner TIM23 complex such that a possible interaction of Tim50 IMS with individual Tim proteins could be analyzed. (Figure 4C, row 4, and data not shown) . However, when the N-terminal segment of Tim23 (residues 1-98) was
We assumed that the high concentration of immobilized Tim50 IMS would shift the equilibrium in favor of an associfused to the activation domain and Tim50 IMS was fused to the DNA binding domain, a strong ␤-galactosidase ation with partner proteins, even in the presence of Triton X-100. Tim23 efficiently bound to Tim50 IMS ( Figure  activity was observed (Figure 4C, row 2) , while Tim23 fused to the activation domain alone did not yield activity 4D, lane 3), while none of the other components analyzed were found in a complex with Tim50, including the ( Figure 4C, row 3) , suggesting that this Tim23 segment and Tim50 IMS can interact with each other. The N-terfurther subunits of the presequence translocase ( Figure  4D, lane 3) , proteins of the outer membrane, IMS, or minal 50 residues of Tim23 were not sufficient for an interaction with Tim23 IMS (Figure 4C, rows 5 and 6 ). Moreother inner membrane proteins ( Figure 4D , lanes 3 and 6). Tim23 did not bind nonspecifically to Ni-NTA Agaover, when Tim50 IMS was fused to both Gal4-domains, a weak activity was observed ( Figure 4C, row 7) , raising rose, since in the absence of Tim50 IMS , no Tim23 was found in the eluate ( Figure 4D, top, lane 3) . We conthe possibility that Tim50 has a potential for homodimerization. An interaction between Tim50 IMS and Tim44 was structed a yeast strain where the first 50 residues of Tim23 were deleted. Upon lysis of isolated mitochondria not observed, confirming the specificity of the twohybrid analysis ( Figure 4C, row 8) .
with Triton X-100, the shortened Tim23 interacted with Tim50 IMS (Figure 4D, lane 9) . Since the two-hybrid analyFor a biochemical determination of binding partners (lanes 1-6) . Lanes 7-9, extracts from mitochondria expressing Tim23 51-222 were used in the pull-down assay (15% of control, 15% of unbound, and 100% of eluate are shown). Lanes 10-12, 35 S-labeled Tim23 was synthesized in reticulocyte lysate (control, 10%) and subjected to pulldown analysis and digital autoradiography. sis indicated that residues 1-98 of Tim23, but not resioff the promoter by growth on galactose-free medium, we determined that the required time span to reduce dues 1-50, were sufficient for interaction with Tim50 IMS , the segment 51-98 of Tim23 seems to be important for Tim50 to a level below that of detection, without affecting levels of other components of the presequence the association with Tim50 IMS . Indeed, this segment of Tim23 stretches through the IMS (Bauer et al., 1996; translocase, was 36 hr. Figure 5A shows (Figure 4D, lane 12) , supporting the concluindicate that these mitochondria are selectively depleted of Tim50 and not of other import components. sion of a direct interaction between Tim23 and Tim50 IMS .
We conclude that Tim50 exposes a large C-terminal
The Tim50-depleted mitochondria were strongly impaired in the import of matrix-targeted preproteins, F 1 ␤, domain to the IMS where it interacts with a segment in the N-terminal half of Tim23.
Su9-DHFR, Hsp60, b 2 (167) ⌬ -DHFR, and b 2 (220) ⌬ -DHFR (Figures 5B and 5C). The degree of inhibition was similar whether only the processing of the preprotein was anaDifferential Tim50 Dependence of Matrix Proteins and Preproteins with Sorting Signals
lyzed ( Figure 5C, left) or the complete import to a protease-protected location was determined ( Figure 5C , midTo selectively remove Tim50, we placed the TIM50 gene under the control of the GAL1 promoter. After shutting dle), indicating that the lack of Tim50 already inhibits 
